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Arctic O il and the SS M anhattan
R. H. V enn
Vice President and D irec to r 
H um ble Oil and R efin ing C om pany
The discovery o f oil on  A laska’s N o rth  Slope 
in  1968 no t on ly  focused  a tte n tio n  o n  th a t rem ote  
p a rt o f  ou r w orld , it set th e  stage fo r  one o f  the  
m ost exciting and  significant scien tific  expeditions 
o f o u r  tim e—th e  voyage o f  th e  ice breaking  tanker 
SS M anhattan  th ro u g h  th e  N orthw est Passage.
In  the  space available I w ould  like to  discuss 
w ith  y o u  th a t h isto ric  e x p ed itio n , how  it cam e to  
be, and  com m ent on  the  resu lts , as w e see them .
GEOGRAPHY AND OIL
But first, le t’s consider the  geography in­
volved. The N o rth  Slope o f Alaska covers abou t
69 ,000  square miles, ex tend ing  from  the  Bering 
Sea on the  West to  th e  C anadian b o rd er on  the  
east—a distance o f  500 m iles; and from  the Brooks 
Range on the  S ou th  to  th e  A rctic  O cean, a 
d istance varying from  50  to  200  m iles. Because o f 
Naval P etro leum  Reserve N um ber 4 on th e  west 
and a w ildlife refuge on  th e  east, only  abou t 
one-th ird  of th e  S lope—or som e 15 m illion acres— 
is available fo r com petitive  ex p lo ra tio n .
The presence o f h y d ro ca rb o n  deposits  in th e  
area has been  know n since th e  early 1800’s, w hen 
several na tu ra l seeps w ere described  and investi­
gated. And a lthough  th e  Navy and  o thers  had 
exp lored  for pe tro leum  o ff and  on during the  last 
25 years, it w asn’t u n til H um ble and A tlan tic  
R ichfield in partnersh ip  b ro u g h t in  the  P rudhoe 
Bay No. 1 w ell as a d iscovery in Ju n e , 1968 th a t  
peop le  began to  appreciate  the  p o ten tia l o f th e  
N o rth  Slope. C on firm ation  o f  a m ajor deposit o f  
o il—conservatively estim ated  a t be tw een  5 and 10 
b illion  barre ls—was ind ica ted  a sh o rt tim e  la te r 
w ith  com ple tion  o f th e  Sag River w ell seven miles 
to  th e  sou theast.
C urren tly , th e  in d u sty  has a b o u t 1.3 m illion 
acres under lease in N o rth  A laska, including those  
purchased in  th e  record  $900  m illion s ta te  lease 
sale in  S ep tem ber 1969.
P rudhoe Bay is a large oil field  w ith  great 
prom ise, b u t le t m e say tw o  th ings abou t it. F irst, 
it canno t possib ly  m ake th e  U.S. to ta lly  self­
efficien t in oil over th e  com ing decades. A nd 
second, it c an n o t logically be com petititve  w ith  
th e  M iddle E ast. A look  at a few o f  the  econom ic  
fac to rs  involved w ith  will underscore  th is  la tte r  
po in t.
ENVIRONMENT COSTS AND ECOLOGY
In Alaska, env ironm ent is a m ajor econom ic  
fac to r. T ake th e  w eather, fo r exam ple. Severe
tem pera tu res requ ire  th a t the  w ork ing  areas o f  a 
drilling rig be  enclosed fo r the  p ro te c tio n  o f  crews. 
Even so, tem p era tu re s  are ex trem e ly  low and m en 
m ust w ork heavily b u n d led  in c lo th ing . D rill p ipe 
becom es b rittle , all opera tions  slow  dow n, and th e  
result is high cost. In  the  low er 4 8 , average drilling 
costs fo r an  oil w ell run  $13 p e r  foo t. On th e  
N orth  Slope, costs ju m p  to  a w hopp ing  $142  per 
foo t. A nd opera ting  costs are also  astronom ical— 
$18 ,000  p e r day in Alaska, as com pared to  
$10 ,000  a day  for an  offshore rig  in th e  G ulf o f  
M exico, and $3 ,000  daily  fo r a conven tional West 
Texas land rig.
We also have n a tu re  to  th in k  abo u t. We have 
to  m ake sure th a t o u r  o pera tions do  n o t harm  th e  
w ildlife and  o ther elem ents o f th e  A rc tic ’s eco­
logy. We canno t c u t corners—and  w e certa in ly  are 
not going to  try . We at H um ble firm ly  believe th a t  
it is far b e tte r  to  prevent a p rob lem  from  
developing th an  try  to  rec tify  one  a fte r th e  fact.
W ith h igh drilling costs like these, it becam e 
apparen t th a t n o t only  m ust w e have a large 
reserve o f crude o il to  w ork w ith  b u t tra n sp o rta ­
tion from  well head  to  the  re fin e ry  m ust be done  
in th e  m ost econom ical m anner possible.
ARCTIC MARINE TRANSPORTATION
When we launched  our investigation  in to  
A rctic m arine tra n sp o rta tio n  possib ilities, we co n ­
sidered such  fac to rs  as ship pe rfo rm ance  in  ice, 
econom ic analysis and env ironm en ta l conserva­
tion . We found  m athem atica l fo rm u la tio n s  w hich  
deal w ith  th e  perfo rm ance o f  ships in  ice and 
investigated them  w ith  the  he lp  o f  com puters  in 
H ouston. In  coopera tion  w ith  th e  Coast G uard , we 
conducted  m odel tes ts  o f ships in  ice in th e  N avy’s 
U nderw ater W arfare C enter ta n k  in San Diego. 
O ther m odel tests  were perfo rm ed  using one  to  
tw en ty  scale m odels on a lake in  th e  F ren ch  Alps. 
F rom  this research  we learned  som eth ing  abou t 
the  ac tion  o f  ice as it b reaks a ro u n d  a sh ip ’s bow . 
A dditional pre-test ice data  cam e from  research  by 
University o f A laska scientists a t  Port C learence.
A fter exam ining  all o f th e  assem bled da ta , we 
began to  feel th a t it was possib le to  op era te  a large 
ship w ith  high p o w er in the  A rc tic  on a year-round  
basis. We also knew , how ever, th a t the data  
ob tained  w ith  m a th  and m o d e l studies did not 
necessarily apply to  full-scale or “ real w orld” 
cond itions. And w e  realized th a t  a t som e p o in t the  
tests, theories, a n d  calcu lations had to  be applied 
to  th e  real thing.
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So we decided to  tak e  a $40  m illion gam ble 
and p u t an icebreaking ta n k e r  in  the  A rctic  as a 
da ta  co llec tion  vehicle. T w o  o th e r  co m p an ies— 
A tlan tic  R ichfield and  BP O il—elected  to  p a rtic i­
pate in th e  pro ject fo r $2 m illion  each and  share 
the  in fo rm a tio n  gained.
THE SS M ANHATTAN
T he first step was to  find  a su itab le  ship and  
a fte r surveying  the w orld  flee t w e selected  th e  SS 
M anhattan , a 115 ,000  deadw eigh t-ton  tan k e r  w ith
4 3 .0 0 0  shaft horsepow er. In  ad d itio n  to  her size 
and heavy co n stru c tio n , she possessed a h igher 
th an  usual pow er to  w eight ratio . (F igure  1)
E xtensive m o d ifica tions  w ere requ ired  to  co n ­
vert her to  an  icebreaking tan k e r  and d a ta  acquisi­
tion  system . Because o f  the  m agn itude  o f the  
conversion and  the need fo r  its q u ick  co m p le tio n , 
we decided  to  cut th e  ship  in to  sections an d  u tilize  
the  services o f fo u r  d iffe ren t sh ipyards s im ulta­
neously . A t one tim e, th e re  w ere as m any as
10 .000  m en w orking on  th e  job .
In a d d itio n  to  s treng then ing  th e  hull, they  
insta lled  new h igh-streng th  p ropellers, ta il shafts, 
an d  rudders to  p ro te c t fro m  possible ice dam age. 
B ut these changes w ere, in a sense, m inor. The 
m ost im p o rta n t m od ifica tions fell in to  th ree  rela­
tively  new  areas.
P robably  th e  m ost unusual new  fea tu re  o f  the  
M anhattan  was h e r new icebreak ing  bow . It was 
designed to  tak e  advantage o f th e  m ost im p o rtan t 
co m p o n en t o f fo rce  w hich  a sh ip  p laces on  ic e -  
dow nw ard  pressure. The bow  strikes th e  ice a t a 
very shallow  ang le—18 degrees—genera tes a large 
inclined-plane fo rce , th en  rides u p  u n til th e  w eight 
o f  the ship causes the  ice to  b reak . This bow  
design, w ith  its very shallow  fo rw ard  angle, gives a 
large susta ined  fo rce  on  the  ice w hile causing a 
relatively  small peak  load to  be ex e rted  o n  the 
ship. It w orked  very  well du ring  th e  voyage.
The second innovative design fea tu re  o f  the 
M anhattan  was an  ex tension  o f  th e  bo w  eight feet 
b ey o n d  th e  hull o n  each side. This p rovided  m ore 
free w ater along th e  sides o f th e  hull and  reduced  
ice fric tion  (F igu re  2).
Figure 1. The SS Manhattan in Open Water
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Figure 2. DOUBLE CRUNCH-Humble Oil & Refining Co.’s icebreaking tanker, the SS Manhattan, and 
the Canadian Ministry o f Transport’s newest icebreaker, the Louis S. St. Laurent, crunch through the 
snow-covered ice of northern Baffin Bay. The Manhattan is completing its second Arctic voyage to 
collect data for use in determining the economic feasibility of transporting Alaskan crude oil through the 
ice-covered Northwest Passage to the U.S. East Coast.
The third innovation was an external sloping 
ice belt along the sides o f the hull. This belt o f  
inch-and-a-quarter steel added extra strength and 
protection.
When reassembled, The Manhattan was longer 
than the Eifel Tower is tall. Her length increased 
from 940 to 1,005 feet and her beam, or width at 
the broadest point, grew from 132 feet to 155 
feet. And she was 10,000 tons heavier. She also 
was equipped with the most sophisticated com­
munications and electronics devices ever installed 
on a commercial ship. To overcome the notorious 
Arctic radio blackouts, she had a communications 
network effectively 500 times more powerful than 
that normally found on commercial ships. The 
Manhattan’s navigation system used radio signals 
from four earth satellites placed in polar orbit as 
part o f the U.S. Navy’s Navigation Satellite System 
program. When a satellite dropped below the 
horizon, sonar took over. Impulses bouncing off 
subsurface water currents flowed to the computer 
which determined the ship’s velocity. The captain 
knew his location to within half the ship’s length 
and his craft’s speed within one-tenth o f a knot. 
Instruments on board also measured the ship’s 
motions, pressure against the hull, and power plant 
performance. Closed circuit television monitored
the ice flow and breakage patterns around the 
ship.
While the Manhattan was being modified, 
deck officers underwent extensive training activ­
ities aboard the Canadian icebreaker John A. 
Macdonald and the Coast Guard’s Staten Island to 
become acquainted with the operation of an 
icebreaking vessel. Other officers visited ice­
routing offices operated by the Canadian Depart­
ment of Transport in Halifax and the U.S. Navy’s 
Ice Observation School in Maryland.
They might well have attended the Navy’s 
Supply School, too, because stocking the Manhat­
tan for her voyage proved to be a major task. 
Provisions included 5,600 quarts o f fresh milk,
51,000 pounds o f meat, 70,000 pounds of canned 
and dried food, 40,000 pounds of fresh fruits and 
vegetables, and 51,000 fresh eggs. They even 
loaded 300 watermelons. Stores included 4,800  
bars of soap, 1,500 light bulbs, jogging machines, a 
putting green, a portable x-ray machine, 100 
full-length movies, and three ice makers. All told, 
the ship took on 8 ,000 different store items.
The Manhattan’s fuel order of 184,000 barrels 
o f bunker oil went into the record books as the 
largest in commercial marine history. (The normal 
bunker fill-up of the luxury liner United States
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ru n s  a b o u t 4 0 ,0 0 0  b arre ls). In  a d d itio n  to  h e r  o w n  
fuel, th e  M an h attan  carried  3 0 ,0 0 0  b a rre ls  o f  
special diesel oil f o r  refueling  th e  U .S . and  
C an ad ian  icebreakers th a t  acco m p an ied  h e r, p lus
5 ,0 0 0  barrels o f  je t  fu e l  for th e  h e lico p te rs .
F ro m  a tech n ica l and  sc ien tific  v iew p o in t, th e  
voyage o f  th e  M an h a ttan  th ro u g h  th e  N o rth w e s t 
Pasage in  the  fa ll o f  1 9 6 9  gave us a g rea t v o lu m e  o f  
usefu l in fo rm a tio n . H ow ever, it w as im possib le  to  
d raw  conclusions a b o u t  th e  p o w er re q u ire m e n ts  o f 
an  iceb reak ing  ta n k e r  because  o f  th e  g rea t varia­
tio n  in  ice th icknesses  e n c o u n te re d  at th a t  tim e  o f 
th e  y e a r  (F igure  3). This th ick n ess  ranged  from
fou r to  22 fee t a n d  varied  to  th is  e x tre m e  over 
such  sh o rt d istances  as th e  len g th  o f  th e  sh ip , 
m aking  it d iff icu lt to  re la te  th e  pow er requ ired  to  
m ove th ro u g h  given ice c o n d itio n s .
A nd  so to  fo cu s  m o re  accu ra te ly  o n  pow er 
req u irem en ts , th e  M a n h a ttan  m ade  a seco n d  d a ta - 
co llec tio n  voyage in  th e  sp ring  o f  1970. T his is th e  
heaviest ice season o f  th e  y ea r in  the  A rc tic  ju s t  
p iro r to  s ta r t  o f  th e  su m m er m elt. On th is  second  
trip , th e  ice available fo r  tes tin g  ap p ro a c h e d  
lab o ra to ry  co n d itio n s  w ith  varia tions in  th ick n ess  
o f o n ly  one  to  tw o  inches fo r  several m iles a long  
th e  ro u te . T hese c o n d itio n s  a llow ed us to  co llec t
F igure 3. T h e  SS M a n h a tta n  in A rc tic  w aters .
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highly reliable d a ta  on  ship speed-pow er re la tion ­
ships. By co o rd in a tin g  these  data  w ith  environ­
m en ta l s ta tis tic s  co llected  du ring  th e  past w in te r 
b y  side look ing  radar overfligh ts an d  by ground- 
based  personnel, we w ere able to  assess th e  
p o ten tia l o f A rc tic  sh ipp ing  w ith  a considerab ly  
h igher degree o f  confidence  (F igu re  4).
A fter analyzing  all o f  th e  opera ting  d a ta  from  
th e  tw o voyages, we have d raw n  tw o  basic 
conclusions: F irs t, th a t use o f  icebreak ing  tankers  
to  tran sp o rt c ru d e  oil from  A laska’s N o rth  Slope 
to  U.S. m ark e ts  is feasib le; second , th a t p ipeline 
tra n sp o rta tio n  o f th is  oil appears to  have an  
econom ic edge over iceb reak ing  ta n k e rs—at least a t 
th e  present tim e . A ccord ing ly , H um ble has sus­
pended  its icebreak ing  ta n k e r  s tud ies w hile c o n ­
cen tra tin g  o n  pipeline a lte rna tives. Should  eco ­
nom ic fac to rs  change, how ever, o r o th e r c ircum ­
stances w a rra n t—tan k e r d eve lopm en t w ork can be  
resum ed on  sh o rt no tice .
A lthough  we are suspend ing  o u r  icebreaking  
tan k e r  s tud ies fo r th e  p resen t, we will c o n tin u e  
m arine stud ies concerned  w ith  ta n k e r  m ovem ents 
o f  oil fro m  V aldez, an ice-free po rt on th e  
so u th e rn  coast o f A laska, to  th e  U .S. West C oast.
H um ble is firm ly c o m m itted  to  the  p roposed  
T rans Alaska P ipeline—ex ten d in g  8 0 0  m iles from  
A laska’s N o r th  S lope to  V aldez—w hich  w ould  
serve as a key  link  in  th e  tra n sp o rta tio n  system  to  
serve West C oast c rude  o il needs. C onven tional 
tankers, w ith  no iceb reak ing  e q u ip m en t, w ould  
load crude o il a t V aldez fo r delivery  to  West C oast 
refineries.
Even th o u g h  H um ble  has decided  on  th e  
pipeline a lte rna tive  fo r  tra n sp o rtin g  crude oil fro m
the  N o rth  Slope, th e  voyages o f  the  M anhattan  
m ay prove highly significant in  th e  deve lopm en t o f 
the  A rctic  and  its resources. A  n ew  in te rn a tio n a l 
trad e  ro u te  th ro u g h  the  N o rth w est Passage also 
could  have a p ro fo u n d  in fluence  on w orld  trad e  
pa tte rn s . I t  w ould  m ean th e  fu lfillm en t o f  th e  
500-year-old  d ream  o f a sh o rte r  and m o re  d irec t 
ro u te  from  E urope  to  th e  F ar E ast. T here  is a 
po in t on th e  n o r th  shore o f B anks Island , som e 
500 miles east o f P rudhoe Bay, w hich  is roughly  
eq u id is tan t from  th e  cities o f N ew  Y ork , L ondon , 
and T o k y o . W ith th is  cen tral p o s itio n , th e  N o rth ­
west Passage cou ld  becom e th e  ca ta ly st w hich  
opens the  resources o f far n o r th e rn  A laska and 
C anada to  th e  w orld . A y ea r-ro u n d  sea ro u te  could  
do fo r th is  area w hat the  ra ilro ad  d id  fo r the 
w estern  U nited  S ta te s —and m ight do it qu icker.
T he  m ining in d u strie s  o f th e  A rctic  are still in 
th e ir in fancy  stage, prim arily  d u e  to  tra n sp o rta tio n  
problem s. But th e re  is great m in era l w ea lth  th ere , 
ju st aw aiting—if y o u  will p a rd o n  th e  p u n —fo r the  
breaking  o f  the ice.
We believe th a t  th e  M a n h a ttan ’s voyage has 
m ade a c o n tr ib u tio n  to  th e  sc ien tific  and educa­
tio n a l c o m m u n ity  and to  b o th  the U.S. and 
C anadian governm ents. We fee l th a t th e  M anhat­
ta n ’s voyage will s tim u la te  in te re s t in th e  A rctic  in 
the  sam e m anner th a t  o th e r  h is to ric  voyages have 
spurred  d eve lopm en t in the  o th e r  places. W hatever 
the  long-range consequences o f  her voyages, we 
know  th a t  the  M an h attan ’s findings will add 
im m easurably  to  o u r  know ledge o f th e  w orld  we 
live in.
Figure 4. BREAKING A PATH—The largest commercial ship ever built in the United States, the SS 
Manhattan, breaks a path through the ice as it nears the completion o f testing during its second Arctic 
voyage. On its maiden Arctic voyage last year, the Manhattan became the first commercial ship to transit 
the Northwest Passage.
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